The Yangtze River Delta is one of the most developed regions in China and the rapid development of urbanization have greatly influenced regional hydrology and water resources.
INTRODUCTION
For the past few years, the rapid urbanization of watersheds in China, involving increment of impervious areas, and decrement of natural drainage networks, has significant impacts on regional hydrology, water resources and stream quality. The problems of flood and drought intensification, water quality deterioration and the shortage of water resources in cities, seriously threaten the living environment of human beings and restrict the sustainable development of regional economy. Therefore, the study of hydrological response (including river network systems, hydrological cycle, hydrographs, etc) to urbanization has become the focus of attention on hydrology research (Yin & Li 2001; Chen et al. 2002; Chen et al. 2009a) .
Urban hydrology has received wide concerns since 1970s in the world. Some prominent observation and study has carried out in Europe, the United States and other developed countries. Study of urban effects on hydrology was developed in the "International Hydrological Decade" plan of Unesco in 1975. Later, some scholars compiled monographs of urban hydrology, and studied several aspects of urban hydrology. The effects of urbanization on hydrology have been documented in the literature from different perspectives, including the study of the spatial variability of urbanization and its effect on runoff generation (Konrad & developed gradually, and there has been much work carried out in the Yangtze River basin (Yuan et al. 2006; Zhang et al. 2006) . By the study of the human impact on floods and flood disasters in the Yangtze River basin, Yin & Li (2001) believe that the deteriorating flood situation is the result of inappropriate human intervention in the natural environment and suggest that the appropriate strategy should change from "keeping the flood away" to "giving the flood way". By using Horton-Strahler classification and Horton laws, a novel method of classfication in conjunction with the traditional and specially designed indicators, was applied to understand the structure and functions of the river system in Shanghai (Yuan et al. 2006) . According to Zhang et al. (2008) , human activities such as dredging up the floodways, excavating sand and building water facilities in the rivers, significantly changed the hydrological conditions, and therefore impaired the rivers' capacity to buffer floods over the past decades. What's more, the temporal and spatial trends of precipitation and river flow over the Yangtze River basin were analyzed, and it was speculated that the increase in heavy precipitation and variations of atmospheric circulation (weakened summer monsoon) under climate warming in the middle-lower reaches can partly explain the frequent occurrence of floods in the 1990s ( Jiang et al. 2007; Su et al. 2008) .
The Yangtze River Delta (YRD) is one of the most economically developed regions in China. With rapid urbanization and industrialization in recent years, and the expansion of the urban areas and impervious areas, lake wetlands and river network systems have been greatly destroyed, which has inevitably changed the regional hydrology. Furthermore, the problem of flood disasters and water degradation has been serious increasingly. So it is really necessary to study the urban hydologic effects here.
There is not yet an unified cognition about urban hydrologic effects so far, because hydrological changes are affected by various factors in urban areas and have regional characteristics. In fact, there is a close relation between frequent occurence of flood disasters, water environment deterioration and meteorological factors, underlying conditions, geographical conditions as well as human activities in the YRD. Climatic change, urbanization, and landuse/ land cover change have all greatly changed the hydrologic cycle in this area. Climatic change has intensified the hydrologic cycle process and increased the risk of flood disasters. And the changes of drainage networks resulted from urbanization also have a significant impact on the flood processes. Moreover, the decline of drainage networks and river channel sedimentation have decreased the purification capacity of the rivers. Besides, the characteristics of urban hydrology is also influenced by the different periods of urbanization. In a word, under the influences of a variety of comprehensive factors, flood disasters occur frequently and water environment problems become more and more serious, which have restricted the modernization and the sustainable development of the YRD to a very great extent.
It is very important to investigate integratively the impacts of urbanization on hydrology in this area for the utilization of water resources and sustainable development. There have been some scattered research on megapolises in the YRD, like Shanghai and Nanjing (Zhou et al. 2003; Yuan et al. 2006) .
However, those fast urbanizing big and medium-sized cities, like Suzhou, wuxi and Changzhou, etc, are less studied.
So it is urgent to explore the urban hydrology characteristics from the aspect of urban agglomeration, especially to investigate integratively the impacts of urbanization on precipitation, runoff, river networks and water quality.
Taking several typical urbanizing areas in the YRD as examples, using the long-term rainfall-runoff data, this paper evaluates the hydrological response of urbanization to hydrologic cycle and hydrological process with the support of RS and GIS. The research centers on the impacts of urbanization on precipitation, hydrological process, river networks, and water environment in some typical cities.
Moreover, the characteristic statistic analysis, time series analysis methods and hydrological simulation are adopted in the study (Aronica & Cannarozzo 2000) . The results can provide basis for decision-making in flood prevention and disaster reduction, water environmental protection and sustainable utilization of water resources, it also provides support to regional economic development.
STUDY AREA
The YRD is one of the most typical plain river network regions in China, including 15 prefecture-level cities of Jiangsu Province, Zhejiang Province and Shanghai 
RESULTS AND DISCUSSION

Impacts on precipitation
Suzhou, Wuxi and Changzhou, the three typical urbanized areas in the YRD, have constituted one of the biggest urban agglomerations in the world, called the Suxichang urban area. Rapid urbanization has greatly changed the entironment and the climate such as the rainfall process. The representative urban precipitation and the representative suburban precipitation in the same period in the three cities are analyzed (Tables 1 and 2) impervious area, and more condensation nuclei are formed in the air which is benifitial for rainfall formation. Moreover, meteorological factors such as precipitation can affect the precipitation differences between the urban and the suburban areas besides the factor of urban underlying.
Results show that, the less the annual precipitation is, the bigger the difference is. But contrarily, the more the flood season precipitation is, the bigger the difference is.
The difference between urban and suburban precipitation in Changzhou is relatively small, probably because of the relatively slow urbanization. The difference between the urban and the suburb areas will possibly be bigger in the near future with the development of urbanization.
With the background of the current large scale circulation system, urban development will intensify its influences on the precipitation in Suxichang area. But results may vary in each city, and individual city such as Changzhou may be even an exception.
Furthermore, statistics of the maximum daily rainfall and the frequency of different types of rainfall show that, the maximum daily rainfall and the frequency of different types are also in the YRD (Zhou 2003; Qin et al. 2005) . And the increased range in Suxichang area is much bigger than that in the 3 bigger cities. However, uncertainty exists in the impact of urbanization on precipitation, and Changzhou is an example.
Impacts on runoff
Impacts on long-term runoff
The two small basins, centered in the Lin'an and Anji (Table 3) .
Results show that, different annual precipitation have big differences in influencing the runoff under the condition of similar developed level of urbanization. The influence in the dry year is the most significant while the influence in the wet year is the weakest. The reason is that precipitation characteristics also restrict the runoff in addition to the landuse change. There is less precipitation in dry years, so influence of land use change on runoff is more significant.
However, there is more precipitation in wet years, so the influence of underlying surface change is weakened, which results in relatively small runoff change.
To sum up, the urban expansion has greatly influenced the runoff in the study region. Landuse types and soil types are the main driving factors, while intensity and spatial variability of precipitation should also be paid attention to.
As to a certain region, the runoff of urban area is more than that of the suburban area. Generally, with the expansion of urban land area, the surface runoff increases correspondingly. And the influence of urbanization on runoff is 
Impacts on storm-runoff
According to the analysis of urbanization impacts on storm runoff in the Nantiaoxi watershed, when the ratio of urbanized area in total watershed area increases from 0.5% in 1970s to 3.3% in 1990s, the runoff depth increases 4.8 mm in a rainstorm of 50.8 mm. Moreover, with the increment of rainfall, the runoff depth increases more remarkably. In the condition of the same antecedent moisture condition (AMC) and rainfall pattern both the runoff depth and the runoff coefficient will increase with the development of urbanization and increment of imperviable areas. As for the Xitiaoxi watershed, when the ratio of urbanized area in total watershed area increases from 8.4%
in 2002 to 20% in 2017, the runoff depth increases 7.1 mm in a average rainstorm of 180 mm, and the peak discharge will be increased by 51.2 m 3 /s. It can be concluded that the increment of urban land area can directly influence the characteristics of floods.
Experimental study of urbanization influences on storm-runoff
Small catchments with different types of landuse/land cover 
Impacts on river network systems and water environment
The YRD is one of the most typical plain river network regions in China with dotted crisscrossed rivers and dense water system. With the development of urbanization, urban imperviable areas have increased dramatically, while many lakes and rivers have decreased sharply. In the 1990s, more than 20 relatively large rivers disappeared and the drainage density decreased by 25% in Nanjing urban district (Wang 2006) . The river channels and the water surface ratio decreased by 21% and 23% in Shanghai in the last 5 years of 1990s respectively. The drainage network structure tends to be more simple and the drainage density decreases, resulting in frequent flood disasters and water pollution accidents in Shanghai (Ren et al. 2003; Meng et al. 2005 ).
The river system of Fenghua River basin in the southeast of the YRD are analyzed before and after urbanization ( 
CONCLUSIONS
According to the above analysis, the rapid urbanization in the YRD has greatly influenced the regional laws of hydrology by changing impervious areas and river network systems. Firstly, with the rapid development of urbanization, the annual precipitation and the flood season precipitation in the urban areas showed a striking increase, and the disparity between the urban and suburban areas is getting widened. Urban rain island effect is being enhanced
year by year, but there is also regional uncertainty and complexity which needs more further research to clarify.
Secondly, both long-term runoff and storm-runoff are affected by urbanization. Especially when the urban areas expand to a certain size, the runoff depth and the runoff coefficient will increase more remarkbly. The results also show that, the influence of urbanization in the dry year is the most significant among dry, normal and wet years.
Thirdly, river network systems, especially low-grade rivers have been greatly destroyed. As a result, the river channels and the water surface ratio decreased obviously, and the water purification capacity and the regulation and storage capacity of the rivers have decreased remarkably, which increases the risk of flood and water degradation.
Based on the results of the current study, some suggestions on the management of regional water resources are proposed as follows. First, natural and artificial factors should be synthetically considered for an appropriate development of urbanization. Second, the natural evolution laws of rivers should be followed and the original rivers should be retained in order to maintain the appropriate water surface ratio, to strengthen the storage capacity of the river network systems, and to diminish the threat of floods.
Further more, pollution control should be reinforced and the water quality of the lakes and rivers should be improved p Drainage density ¼ Ratio of total river length to total regional area. † Water surface ratio ¼ Ratio of total river area to total regional area. to protect the aquatic ecosystem and water environment.
Only in this way can we make the sustainable economic development in the YRD and realize the sustainable utilization of the water resources in this area.
